Whether serum calcium is associated with heart systolic function in patients with established coronary artery disease (CAD) and acute myocardial infarction (AMI) remains to be elucidated. This study is aimed to assess the association between serum calcium and left ventricular systolic dysfunction in a Chinese population of CAD. The cross-sectional study included 5938 CAD patients with and without AMI in China. The factors associated with AMI and left ventricular ejection fraction (LVEF) were evaluated. The data showed that AMI patients had lower serum calcium levels (2.11 ± 0.13 vs 2.20 ± 0.10 mmol/l, P < 0.001) than those without AMI. Multiple logistic regression analysis exhibited that serum calcium (OR: 0.000, 95% CI: 0.000-0.001) was one of the independent factors correlated with AMI. CAD patients with and without AMI when LVEF <50% had lower serum calcium levels than those when LVEF ≥50% respectively. Serum calcium was independently associated with LVEF and LVEF <50% in CAD patients with and without AMI respectively using multivariate analysis. The independent association between serum calcium and LVEF still existed among CAD patients when LVEF ≥50%. Serum calcium levels are significantly decreased following AMI. Low serum calcium is independently correlated with left ventricular systolic dysfunction in CAD patients with and without AMI.
Results
Study population characteristics. Clinical characteristics of the 5938 CAD patients with and without AMI were shown respectively in Table 1 because the clinical characteristics and biochemical examination in patients with and without AMI were possibly quite different. The average age of all study subjects was 65.1 ± 10.4 years old. 4353 participants (73.3%) were man. The average LVEF was 63.0 ± 8.08% and prevalence of LVEF < 50% in this population was 7.3%. In 4893 patients without AMI, 77.6% of them had chronic stable angina, and 22.4% had unstable angina. 63 subjects (2.3%) of angina patients had a history of impaired left ventricular systolic function. 98 subjects (4.3%) of angina patients had a history of heart failure, 2078 subjects (42.5%) had a history of percutaneous coronary intervention (PCI). The median troponin I values among angina patients were 0.01 ng/ ml (range from 0.01 to 1.59 ng/ml). At the same time, there were still 1045 AMI patients. The median troponin I values among AMI patients were 19.80 ± 29.99 ng/ml (range from 0.01 to 103 ng/ml). A higher percentage of CAD patients with AMI were men, younger, and had current smoking compared with those without AMI (all P < 0.05). They also had lower LVEF, serum calcium, serum phosphate, plasma high-density lipoprotein cholesterol (HDL-C) levels, but higher plasma total cholesterol, low-density lipoprotein cholesterol (LDL-C), and fasting plasma glucose than those without AMI (all P < 0.001).
Association between AMI and serum calcium. Serum calcium levels were lower in AMI patients.
Furthermore, the independent association between AMI and serum calcium was assessed using multiple logistic regression analysis. The serum calcium levels entered the regression analysis as a linear variable. Other variables identified as statistically significant in the univariate analysis (with AMI vs without AMI) also entered the regression equation. Age and sex were also included as important demographic characteristics. Finally, lower serum calcium was one of the independent factors correlated with AMI with adjustment for other potential confounders including age, man, hypertension, current smoking, LVEF, serum phosphate, total cholesterol, LDL-C, HDL-C, and fasting plasma glucose (Table 2) .
Association between LVEF and serum calcium. Because of the strikingly different clinical characteristics including serum calcium between patients with and without AMI, association between LVEF and serum calcium was evaluated in patients with and without AMI respectively. Table 3 showed that a higher percentage of AMI patients with LVEF < 50% were older, and had diabetes compared with those LVEF ≥ 50% (P < 0.001). They also had lower serum calcium, total cholesterol, total triglyceride, LDL-C levels, and estimated glomerular filtration rate (eGFR), but higher fasting plasma glucose than those with LVEF ≥ 50% (all P < 0.05). At the same time, another population of patients without AMI and with LVEF < 50% also had lower serum calcium than those without AMI but LVEF ≥ 50% (P < 0.05). In order to explore whether serum calcium was independently associated with LVEF or not, multiple linear regression analysis was used to evaluate the related factors with LVEF in patients with and without AMI respectively. Serum calcium, age, sex, and other variables identified as statistically significant in the univariate analysis (LVEF ≥ 50% vs LVEF < 50%) entered the regression equation. The results in Table 4 showed that serum calcium (standard β coefficient: 0.109, P < 0.001) was independently associated with LVEF with adjustment for other potential confounders in AMI patients. At the same time, serum calcium (standard β coefficient: 0.055, P < 0.001) was also independently associated with LVEF in patients without AMI.
Furthermore, multiple logistic regression analysis was used to investigate the independent factors associated with LVEF < 50%. The data in Table 5 exhibited that serum calcium (OR: 0.172, 95% CI: 0.034-0.872, P = 0.034, and OR: 0.674, 95%CI: 0.520-0.873, P = 0.003, respectively) was independently associated with LVEF < 50% with adjustment for other potential confounders in patients with and without AMI respectively. Table 2 . Factors associated with AMI using multiple logistic regression analysis. AMI: acute myocardial infarction; LVEF: left ventricular ejection fraction; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol. The odds ratio (OR) of factors associated with AMI was calculated using multiple logistic regression analysis.
Variables
Without AMI (n = 4893) P value With AMI (n = 1045) P value Association between LVEF and serum calcium in patients with LVEF >50%. In fact, most of the participants enrolled in this study had LVEF values of more than 50%. We attempted to explore whether serum calcium continued to be independently associated with LVEF in patients with LVEF > 50%. The data showed that serum calcium was still independently associated with LVEF with adjustment for other potential confounders in patients with higher LVEF regardless of the presence of AMI or not (Table 6 ).
Discussion
The prevalence of and overall mortality from systolic heart failure has been increasing in recent decades. CAD and MI are important causes for heart systolic dysfunction. Mortalities are significantly increased in CAD and MI patients when left ventricular systolic dysfunction occurs 8, 9 . Prevalence of LVEF < 50% was 7.3% in the total population of this study and was even 12.3% among AMI patients. Thus, heart systolic dysfunction in CAD and AMI patients should receive more attention. Table 5 . Factors associated with LVEF <50% using multiple logistic regression analysis. LVEF: left ventricular ejection fraction; AMI: acute myocardial infarction; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; eGFR: estimated glomerular filtration rate. The odds ratio (OR) with 95% confidence interval (95% CI) of various factors associated with LVEF < 50% was produced using multiple logistic regression analysis.
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A higher percentage of AMI patients had current smoking habits, and had higher LDL-C, fasting plasma glucose, but lower HDL-C levels compared with those without AMI in this study. Of course, CAD patients with more cardiovascular risk factors tend to have increased opportunities to suffer from AMI. Serum calcium levels were significantly decreased when AMI occurred even if this trend was adjusted by other potential confounders. Although various studies also demonstrated that baseline higher serum calcium levels were found to be associated with the presence of calcified coronary atherosclerotic plaque and also an independent and prospective risk factor for new-onset of MI in patients with cardiovascular risk factors 10, 11 . When the patients were suffering from AMI, serum calcium levels can be decreased for a periods of time. In fact, previous studies also reported that serum electrolytes including calcium, magnesium, and potassium can fall following AMI 12, 13 . And furthermore, a cohort study suggested that low serum calcium was an independent predictor for in-hospital mortality in patients with acute ST-segment elevation myocardial infarction (STEMI). The authors of that study advised that serum calcium as a widely available serum biochemical index may be incorporated into the current established risk stratification model of STEMI patients 14 . Whether the CAD patients suffered from AMI or not, serum calcium levels were significantly decreased if they had reduced LVEF in this study. Although a previous study reported that baseline higher serum calcium levels were independently associated with greater risk of incident HF in a population-based cohort 15 . That was possibly because high serum calcium tended to cause the new development of CAD and MI, then more opportunities of HF in the future. Nevertheless, low serum calcium levels can be present in established HF. In fact, several studies demonstrated that low serum calcium could be detected in heart failure patients [4] [5] [6] [7] . However in our study, causal relationship between low serum calcium and heart systolic dysfunction remains to be elucidated and still need further study. Whether low calcium levels had affected the myocardial contractility in CAD patients in our study was unknown. Whether low serum calcium in patients with LVEF < 50% was correlated with the use of medicine such as diuretics were also unclear. Whereas lower serum calcium was still accompanied by relatively lower LVEF even among patients with LVEF > 50% in this study who had less opportunities receiving therapy of diuretics. Considering the roles of serum calcium in myocardial excitation-contraction coupling and cardiac electrophysiologic effect, we believe that low serum calcium may make sense in terms of disease severity or prognosis among patients with AMI or CAD patients with reduced heart systolic function.
Our study should also be interpreted within the context of its limitations. First, a relation between MI mortality and serum calcium had already been shown in a previous prospective cohort study. Our data just exhibited that low serum calcium was associated with the presence of AMI and low LVEF respectively. Second, subjects with left ventricular systolic dysfunction were not many and prevalence of LVEF < 50% in the whole study group was only 7.3%, thus the analysis of independent link between low LVEF and low serum calcium might be impacted. Third, this study displayed that low serum calcium was associated with low LVEF in ischemic heart disease, but whether the association still existed or not in non-ischemic heart disease was unknown and need further investigations. Fourth, it should be cautioned that more coronary angiography was used in CAD diagnosis and risk assessment in clinical practice in China from this study. In fact, more functional tests including treadmill exercise Table 6 . Factors associated with LVEF in subjects with LVEF ≥50% using multiple linear regression analysis. LVEF: left ventricular ejection fraction; AMI: acute myocardial infarction; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; eGFR: estimated glomerular filtration rate.
test, exercise or pharmacological stress with nuclear myocardial perfusion imaging or echocardiography should be recommended in clinical practice. Finally, a casual link between serum calcium levels and LVEF, and related mechanism had not been illuminated in this study and need further studies in the future. In summary, serum calcium levels are significantly decreased following AMI. Serum calcium levels are lower with decreased LVEF. Low serum calcium is independently correlated with left ventricular systolic dysfunction in CAD patients with and without AMI.
Methods
Study population. This study was cross-sectional and focused on CAD patients in China. At first, totally 6693 participants aged over 25 years old and consecutively hospitalized in department of cardiology of Shanghai Rui Jin hospital from January 2011 to December 2014, were enrolled in the study. The participants were hospitalized to ascertain the diagnosis among suspected CAD or AMI candidates, or perform risk stratification and receive further intervention among established CAD or AMI patients. All the participants in this study received coronary angiography (CAG). The main indication for CAG among subjects without AMI were as follows: (1) When subjects had chest discomfort, impaired left ventricular systolic function, or heart failure, and had a noninvasive test suggesting uncertain myocardial ischemia as well, they received CAG to ascertain the diagnosis of CAD; (2) When subjects with established CAD including PCI history, old myocardial infarction, or significant coronary stenosis confirmed by coronary CT angiography still had chest comfort after medical therapy, they further received CAG for risk assessment and evaluating whether coronary revascularization was needed. CAD was diagnosed by CAG when diameter stenosis was > 50% in at least one main coronary artery, or the presence of AMI, or a history of confirmed MI, or a history of revascularization by PCI, or coronary artery bypass graft (CABG). The diagnosis of AMI was confirmed according to the third universal definition of myocardial infarction in 2012, in which an increase in the cardiac biological markers (preferably cardiac troponin) with at least one value higher than the 99% of the reference level and having at least one of the following signs. These signs included symptoms of acute ischemia, new or accepted new ST-segment-T wave changes or newly formed left bundle branch block, pathological Q waves on ECG, newly occurring tissue loss or regional wall motion dysfunction in living myocardium, and thrombosis within the coronary artery on angiography 16 . Exclusion criteria included congenital heart disease, valvular heart disease, hyperthyroidism, hyperparathyroidism, hypoparathyroidism, acute infected diseases, acute pancreatitis, liver failure, pregnancy, mental disorder, or cancer. After the subjects with exclusion criteria or incomplete data were removed, 5938 participants with diagnosis of CAD including angina or AMI entered the statistical analysis.
The study complied with the Declaration of Helsinki. It was also approved by the ethics committee of Shanghai Jiao Tong University and informed consent was obtained from all the participants prior to enrollment.
Blood sampling and laboratory analyzes. The blood samples were collected from each patient after admission. The concentrations of serum calcium (mmol/l) and serum phosphate (mmol/l) were measured by the automatic biochemical analyzer (Beckman Coulter, CA, USA). Cardiac troponin I (ng/ml) was analyzed by an immunochemiluminometric assay (Access AccuTnI, Beckman Coulter, CA, USA). Meanwhile, the levels of plasma total cholesterol (mmol/l), total triglyceride (mmol/l), HDL-C (mmol/l), LDL-C (mmol/l), plasma glucose (mmol/l), and serum creatinine (umol/l) were analyzed by the automatic biochemical analyzer. Laboratory test results were generated by personnel blinded to the clinical characteristics of the study participants.
Echocardiographic measurements. Two echocardiographers blinded to the biochemical examination results of the study participants performed all echocardiographic measurements using the Phillips IE33 device according to the American Society of Echocardiography (ASE) recommendations. M-mode, two-dimensional, and colour Doppler images were first recorded, and then analyzed offline. LVEF assessment was based on two-dimensional echocardiography using the quantitative two-dimensional biplane volumetric Simpson method from 4-and 2-chamber views. Inter-or intra-observer reproducibility was assessed among 25 randomly selected patients. No significant difference was found (inter-observer: mean difference: 2.0 ± 0.21%, P = 0.431; intra-observer: mean difference: 1.2 ± 0.17%, P = 0.698).
Clinical data collection. A case report form was developed to record the general characteristics, clinical diagnosis, medical history, and biochemical examination. eGFR was calculated using serum creatinine according to the CKD-EPI China equation with adjusted coefficient of 1.1 for the Chinese population 17 . Current smoking was determined when subjects were smoking currently and more than one cigarette daily in at least one year continuously. Hypertension was diagnosed when systolic blood pressure (SBP) ≥ 140 mmHg, or diastolic blood pressure (DBP) ≥ 90 mmHg, or being actively treated with anti-hypertension drugs. Diabetes mellitus was diagnosed by a fasting plasma glucose test showing ≥ 7.0 mmol/l, or by a random plasma glucose test showing ≥ 11.1 mmol/l, or when they were actively receiving therapy using insulin or oral medications for diabetes.
Statistical analysis. The final data were analyzed using the software program SPSS 13.0 (SPSS Inc., Chicago, IL, USA). The continuous variables with normal distribution were expressed as the mean ± standard deviation, whereas continuous variables with a skewed distribution were reported as the median (interquartile range). Categorical variables were expressed as frequency and percentage. The chi-square test was used to compare categorical variables between several groups. The independent-sample t-test or Mann-Whitney U test were used to compare continuous variables with normal or skewed distribution between two groups respectively. Multiple logistic regression analysis which included variables identified as statistically significant in the univariate analysis, was used to assess the independent association between AMI or LVEF < 50% and related factors. The odds
